GAS DISTRIBUTOR FOR VAPOR COATING METHOD AND CONTAINER 
BACKGROUND OF THE INVENTION 

vapor coating method and contame, The present ^ 

articles such as gas turbine engme blades w.th 
aluminide coating. 

„, elevated temperatures in an oxidizing 
(00021 Certain articles operattng a, elevaKd , pe 

ofvart^^Forexa^^cort^ents^asgaatu^ne^n 

v anea and Cher arrfotls operate at high «~ alone or in 

I— r m — generated durtng »gh temperature 
operation. 

of one or more protective metals, for example temoera tures. Such 

commonly referred to as a retort . Genera y, ^ 
artielesCe.g., atrtoils such as turbine blades, to be 1» P ^ 
confer, along with a source of the ammimde ^ ^ ^ 

— - - - :r r— ^r,i»— 

"~ ,0 ^ ' h ng vap or Generation of the coabng vapor 

such as a furnace to generate a coatmg vapor. ^ 

typi cal,y incudes me use of ha.1* ~ - _ ^ 

bromides. This halide activator can be m the form g 



. th the source of the aluminide coating to form the aluminide- 

- » l . - — - • • — 

that forms the reactive halide gas upon heatmg. 

[0004] Th e alumimde-beari.g gas is typicaily transported or the 



Zg container oy a noncridizing or ineri carrier g. (e.g.. hydrogen, n.trogem 
X or argon). In some vapor coating systems, this carrter gas is mtroduced 

oat the ariicies. See, for exampie, U.S. Patent 4,.48,275 (Benden e, a,), tssued Apr,, 
W 1979 U.S. Patent 5,928,725 (Howard et al), issued July 27, 1999. In other vapor 

rhe articles. See U.S. Parent 6,039,810 (Mantkowsxi et al), .ssued March 21, 2«a 
"e vantage in introducing a carrier gas, such as argon, a. the top versus * 

Tlnwardiy through the container ,0 commingle with the metaUic <— 
Ling vapor and wi„ aiso act as a "pmnger" to aid in the interna, coatmg of the 
articles. 

[0o051 in one such system where the carrier gas is introduced through me top of 
rlamer, a gas d—r is used to drsperse the « ~ « 

* a plurality of gas out. hoies spaced aiong .e «^^L 
disk-shaped head through which the earner gas extts. Thus shower h 
« position* a, the top or the container and ahove the — generatmg 
pellets and articles to be coated. 

,0006, It has heen found that when a carrier gas such as argon is introduced 
Zi, such a "Shower head" drstnhutor a, the top of the container, the a— - 
Ling gas is no, consistent,, moved or mixed within the coating contamer Th,s s 
L^y true as the argon gas moves and diffuses through the rows of — 
Lrating peUets and through the rows of arUCes (e.g.. arrfotls) to he coated. 



varying densities of aluminide-beanng gas can be former., thus creatmg a 
nonhomogeneous environment of the a,uminide-bearing gas surrounding the arbcles 
to be eoated. This nonhomogeneous environment of the aluminide-beanng gas 
usual.y resuUs in an inconsiaen. distribution of me aiuminide coating on the extenor 
of the article, as weU as inconsistent internal gas flow and coating of the mtenor 
surface of the article (e.g. hollow airfoils such as hollow gas turbine Wades). 
[0007] Accordingly, it would be desirable to be able to provide a gas distributor 
that can introduce the carrier gas in a manner such that the ammlnide-bearlng gas ,s 
consistently moved and mixed within the coating container such that a more umform 
and consistent aluminide coating is provided on the exterior of the artic.es, as well as 
on the interior of hollow articles. 
SUMMARY OF THE INVENTION 

,0008] The present invention re.ates to a gas distributor suitable for intnxlucing a 
carrier gas a, the top of a coating container user, to provide a metallic coating on: 
articles. This gas distributor comprises: 

(a) a gas inlet; 

(b) a gas outlet head in communication with the gas inlet for receiving 
. , . j i : r, noi-inVi^rnl surface: 



a gas ouuei ncuu m 

a flow of gas from the gas inlet and having a peripheral surface; 
a plurality of gas outlets spaced along the peripheral surface, the 
gas flow exiting as a gas stream from each gas outlet; 
a plurality of gas deflectors, each deflector being proximate to one 
of the gas outlets and at least initially directing the gas stream 
exiting each gas outlet in at least a generally centripetal path. 
[0009] The present invention also relate, to an apparatus for vapor coating of 
articles with a metallic coating. This apparatus comprises; 



(c) 



(d) 
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(1) 



(2) 



(3) 



a coating container having a base, a top spaced from the base, anda 
side wall connecting the top and the base; 

fte gas distributor previous!, described for introducing a carrier gas 
int ofte coating container positioned such that the gas outlet head ts 
proximate the top of the coating container; 

at ieas. one holder for each article to he coated positioned within 
fte coating container and be!ow the gas outlet head of fte gas 
distributor; 

(4 , at least one holder for fte source of fte metallic coating positioned 
„iftin fte coating container and below fte gas outlet head of the 
gas distributor. 

,00,0, The present invention also relates to a method for introducing the carrier 
rl fte colng container for vapor coating of articles w„h a = c coating 
Thts method comprises the step of introducing the carrier gas as a plnrahty of earner 
"lp— fte^offte^ngcon.ner.eache.riergasstinamf.owmg 

a, least initially in at least a generally centripetal path. 

rOOU, The present invention further relates to a method for coating the articles 

(a) loading the coating chamber of the container with articles to be 
coated; 

(b) ,oading the coating chamber of fte container with a source of a 
metallic coating; 

(c) introducing an inert earner gas as a plurality of inert carrier gas 
streams proximate fte top of the coating chamber of the load^ 
coating container, eaeh carrier gas stream flowing a, leas, inittafly 



(d) 



(e) 



in a curved generally centripetal, downward path to provide an inert 
gas atmosphere in the coating chamber of the loaded container; 
after the inert gas atmosphere is provided in the coating chamber, 
heating the loaded coating container to a temperature sufficient to 
form a metallic coating gas from the metallic coating source; 

continuing the flow of the carrier gas into the coating chamber of 
the loaded container to move the metallic coating gas within the 
coating chamber of the loaded container so as to deposit a coating 
on the articles. 

[0012] The gas distributor and vapor coaling apparatus, as well as the method for 
introducing the carrier gas, and method for coating the articles, of the present 
invention provides a number of significant benefits, especially when introducing the 
earner gas at or proximate me top of a coating container for vapor coating of amcles 
with a metallic coating. Because the earner gas (e.g., argon) is introduced into the top 
of the coating container at least initially in at least a generally centripetal path, tins 
carrier gas tends to move in circular or swtrling fashion and thus keeps the 
environment above the articles to be coated mom uniform and homogeneous. As a 
resuh the environment of the metallic coating (e.g., aluminide)-beanng gas 
sunoundmg the anicles tends to be more unifotm and homogeneous, thus leadmg «o a 
m ore uniform metallic coating on the exterior surface of the articles. In addinon, m 
the case of hollow articles, such as airfoils, there will be a more uniform distnbunon 
of gas flow internally, resulting in a more uniform metallic coating on the mtenor 
surface of the articles. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00L3] FIG. 1 is perspective view of an embodiment of the gas distributor of the 
present invention is useful. 

[0014] FIG. 2 is bottom view of the distributor of FIG. 1 
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10015] FIG. 3 is sectional side view of an embodiment of a vapor coating 
apparatus using the distributor of FIG. 1. 

[0016] FIG. 4 is a sectional view taken along line 4-4 of HG. 3. 
DETAILED DESCRIPTION OF THE INVENTION 

[0017] Referring to the drawings, FIGs. 1 and 2 show an embodiment of the gas 
distributor indicated generally as 10. Distributor 10 comprises a generally cylindncal 
hollow gas inlet tube or pipe 14 for receiving the gas from a source of supply (no. 
shown) and a generally cylindrical or disk-shaped gas outlet bead or mamfold 
indicated as 18 connected to pipe 14. As shown in FIG. 1. pipe 14 is provided wtth a 
hole indicated as 20 for securing the source of the gas to pipe 14. Although not 
shown, manifold 18 is also hollow so that as gas is fed into pipe 14, this gas ,s then 
delivered to manifold 18, >.e„ ptpe 14 is in fluid communication with mamfold 18. 
[0018] Referring especially to FIG. 1, manifold 18 comprises a bottom surface 
indicated as 22 and is shown as havmg a generally circular peripheral surface 
indicated as 26. However, peripheral surface 26 can have other shapes or 
configurations, including polygonal shapes or confignrations (e.g., hexagonal, 
octagonal, decagonal, dodecagonal, etc.) A plurality of gas outlets in the form of 
apertures or holes 30 are formed in and spaced along peripheral surface 26. The 
number of holes 30 can vary depending on the size of me holes and the s,ze of 
peripheral surface 26. Usually, the number of holes 30 along peripheral surface 26 ,s 
at tot 4, and is typically in the range of from 4 to 20, and more typically in the range 
of from 6 to 12. 

[0019] Proximate each of the holes 30 is an angular gas baffle or deflector 34 
which is shown in FIG. 1 as having an open generally trapezoidal or "hooded" 
configuration or shape. However, deflectors 34 can also be formed to have other 
configurations or shapes (e.g., rounded). Each deflector 34 is shown as compnsmg a 
generally tnangular aft deflector component 36 having a generally forward deflecting 
,nner surface 38 and a generally triangular upper deflector component 40 havmg a 



g enera,.y do— deflect tnner surface 42. Surfaces 38 and 42 of components 

36 and40,n,ersecta,on g aseamoredge46. As shown in FIG. 

stream exits each ho.e 30, it is at .east initially deflect by tnner surface of 38 o 

component 36, into a genera„y centripetal pad, (i.e., along or paraiie, ,0 surface 26) 
and hy tnner surface 42 (of components 40) into a s.ight.y downward path ,e„ 
eventual.y away from cotton, surface 22). As a msul, the g as stream exmng rom 
h „,es 30 moves into a curved general,, centripeta,, slightly downward path, as 
indicated by arrows 50. 

,0020, As shown in FIG. 3, gas distributor 10 is typicaUy used with a vapor 
coa,i„ g apparatus tndtcated genera!., as .00 that inc.udes a generally cyhndnca, 
coating container indicated as 1 .0. As shown in FIG. 3, distributor 10 (including pipe 
and manifold 18) is sized to fit within container 1.0. Container .10 has a top or d 

cyundrica, circumferentia, side wal. indicated as 122 that connects lid 1.0 and bas 
H8 and extends downwardly beyond base 1.8. lid 114, base 118 and s,de wa. .22 
of container UOdefine an .nterior coa,in g chamber indicated as .24. As a,so shown 
in FIG 3 pipe 14 of distributor 10 is inserted partially through a ho.e or aperture 126 
a, or proximate the center of .id .14; manifo.d 18 is positioned within chamber 124 at 
or proximate the top thereof, i.e.. proximate lid 1 14. 

,0021, Apparatus 100 also has an arttc.e support or holder 128 attached to or 
otherwise associated with base 118 of container 110 that is provided with apertures 
typical., in the form of slots (no, shown) or other suitable devices, for receiving and 
ho.din g artic,essuchasairfoi.s(e. g ..turbineb 1 ades) ,32 to he coated. Apparatus 100 
a,so has ho,ders in the form of perforated baskets indicated as .40 positioned withm 
container 110 for receiving or ho.ding pellets of the metallic coating. As shown m 
HG 3 baskets 140 and artic.es 132 ate below manifold 18 of distributor 10. Th. 
number and spacing of baskets 140 and articles 132 can be varied depending upon the 
internal din— and configuration of container 110, the size of articles 132 to be 
coated and like factors known to those skilled in the art. A representative arrangement 
is shown in FIG. 4, where artic.es 132 and baskets 140 are arranged in ahemating 



should be sue, as to allow the free flow of gas therebetween. Between each row of 
articles 132 and baskets 140 is typically placed discrete porttons of a powdered hai.de 
activator indicated general., as 146. This powdered halide activator is typtcal.y 
placed so as not to touch or be in contact with articles 132 or baskets 140. 
[0022] In order to coat hollow articles 132 (e.g„ airfoils such as turbine blades), 
having internal surfaces and passageways in predetermined locations w„h the 
ahuntaide coating, it may be necessary to mask those areas no, requrring any coattng. 
After loading holder 128 with the articles 132, the container 110 and its contents, 
which also contains a metallic coating source (e.g., aluminum pellets) loaded mto 
baskets 140, is seated and men loaded into a furnace or other heating dev.ee. Gas 
i„te. p.pe 14 is then connected to as source of a nonox.dizing or inert carrier gas such 
as hydrogen, nitrogen, helium, or argon. 

10023) After loading the container 1 10 into a fumace or other heating device, 
interior chamber 124 is purged of air by introducing the nonoxidizing or inert earner 
gas through gas in.e, pipe 14 which then flows into manifold 18 and exits through gas 
outlets 30 as gas streams 50 so as to provide an inert gas atmosphere. The rate at 
wtnch the carrier gas flows into pipe 14 (and out of ho.es 30 as gas streams 50) of 
ra an,fo.d 18 is usually a, leas, about 15 ftW (about 425 liters /hour), and , 
typically in the range of from about 15 to about 120 ft'/bour (from about 425 to about 
3 398 liters'/hour), and more typically from about 40 to about 70 ft%our (from about 
,133 to about 1982 liters'/hour). As the gas exits outlets 30, each of gas streams 50 
are directed by deflectors 34 into a curved generally centripetal, slightly downward 
path so tba. the inert carrier gas swirls above the concentric rows of baskets 140 and 
arncles 132, thus creating a relatively uniform and homogeneous atmosphere m 
chamber 124. In addition, the pressure of the gas flow forces the streams 50 of the 
carrier gas downwardly from distnbutor 10 and around and through the rows of 
baskets 140 and articles 132. 



,0024, When this inert gas atmosphete is provided or established, container 10 ,s 
heated ,0 an elevated, preselected temperature, or a, .east about ,000^ 

L lZ°0. and more typically in the ran 8 e of from anon, ,900" to about ««* 
Ilabou, ^.oaboor IC^O ^ ^ " ^ ^ 

ling nsed) and Cher factors tha, wouid be understood by those sbHed mtheaa 
Upon reaching this presented temperatute, the powdered activator .46 w. form a 
upon lca-iui & r cAWtfri from aluminum 

.active halide gas. Suitabie haHde activators can be se.eaed 
chioride, ah— fluoride, ammonium flnoride and mixtures thereof. This macuvc 
Lide gas flows through the peflets in baskets M0 containing the metalhc 
source e.g., — source, and reacts wim the aluminum source to prov.de * 

aluminum source can be any aluminum or aluminum alio, for 
al „min„m alloys (CoAl>, iron aluminum afloys (FeA,), or ehromtum .a— afloys 
,w a f nrm A* would be understood by those 
(CrAl) typically in powder or pelletized form,. As would 

J "he ad. the reaction mneucs — g the mte of format,™ oMhe 
aluminide-beanng gas wil, be dependent on the tempore we as * »*» 
„hich the carrier gas is introduced into chamber .24 by dtstnbutor 10 wh.ch ,sfl>e 
ariving fome <i.e„ "plunger") for moving the aluminide-bearing gas wtthm cham 
; Z - as amongst, around and through articles 132. This, in turn controls the 
ra teofdeposidono f meco a dnguponanic,esl32andbencethecoat,ng.htc ta ess. 

[00251 As the aluminide-bearing gas flows over the surfaces of articles 132 as 
I as through the ho.es in articles 132. such air cooling ho.es (not s own m £ 
caS e of a ho,,ow airfoil, the alumlnide-bearing gas is reduced to - 
coadng the exterior surfaces of articles 132, as we,, as the interior surfaces of hoUow 

^uniformity of the aiuminide-bearing gas environment in -2 
whi ch is in turn contro.led by the rate at which the earner gas ,s ntrodu^d 
chamber 124 and mixes with the aluminide-beanng gas, as previously dtscussed. 



[0026] in order to force .he aluminide-bearing gas through the rows of articles 
,32 a certain minimum pressure of the carrier gas is required. This is typed* 
achieved by hav.ngthe carrier gas continue to flow into chamber .24 a, the previously 
,„ d ,cated flow rares through pipe 14. Thus, the carrier gas can not only be used to 
contro. the uniformity of the aluminide-bearing gas environment, and hence reduction 
of the aluminide-bearing gas at the surface (exterior and interior), but it can aiso be 
balanced to provide the necessary pressure to move and force the aluminide-beanng 
g as through the rows of articles 132 (and into the interior when articles 132 am 
hol.ow), thereby coating them. In particuiar, the inert carrier gas comrmngles and 
m ,*es with the aluminide-bearing gas and acts, in essence, as a "plunger" to aid ,« the 
coating of externa, (and internal) surfaces of artic.es 132. After passing throng 
anic.es 132, the remaining aluminide-bearing gas is exhausted from chamber 124 
through gas exhaust outlet indicated as .52 and into an open evacuation chamber or 
area mdicated as .60 defined by the extension of side wall .22 beyond base 118. 
Upon completion of the coating operation ,0 the desireti coating thickness, contamer 
1 ,0 can be removed from the furnace and coo.ed or optionally furnace cooled, wmle 
maintaining an inert gas atmosphere if desired. 

[0027) While specific embodiments of the method of the present invention have 
been described, it will be apparent to those skilled in the art mat various modifications 
thereto can be made without departing from the spirit and scope of the present 
invention as defined in the appended claims. 
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